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(54) Optical recording method and apparatus, and optical storage medium 



(57) In an optical recording method and apparatus 
of the present invention, a driving power is applied to a 
light source to control emission of a light beam to a re- 
cording layer of an optical storage medium, the driving 
power including a sequence of mark and space portions, 
each mark potion having a pulse width that corresponds 
to a multiple of a period T of a write clock. A multi-pulse 
waveform of each mark portion of the driving power in- 
cludes a frontrend portion, a multi-pulse portion and a 
tail-end portion, the front-end portion having a first pulse 
width t1 with a high-power write level Pw and starting 



from a middle-power erase level Pe, the multi-pulse por- 
tion including write pulses each having a second pulse 
width t2 with the write level Pw and a third pulse width 
t3 with a low-power base level Pb, the multi-pulse por- 
tion having a duty ratio z = t2/(t2 + t3), and the tail-end 
portion having a fourth pulse width t4 with the base level 
Pb and ending at the erase level Pe. The waveform is 
controlled, when a linear velocity of rotation of the me- 
dium is set in a range from 5 m/s to 28 m/s, such that 
the first pulse width t1 ranges 0.1T to 1T and the fourth 
pulse width t4 ranges 0.2T to 1 .3T 
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Description 

BACKGROUND OF THE INVENTION 

1 . Field of The Invention 

[0001 J The present invention relates to an optical re- 
cording method and apparatus that records information 
onto an optical storage medium at a high speed by emit- 
ting a light beam to a recording layer of the storage me- 
dium. Further, the present invention relates to an optical 
storage medium that stores information recorded by us- 
ing the optical recording method and apparatus. 

2. Description of The Related Art 

[0002] Recently, optical storage media, including CD- 
R (compact disk recordable), CD-RW (compact disk re- 
writable) and so on, become widespread. Each storage 
medium is provided for recording information thereon by 
focusing a light beam onto a recording layer of the me- 
dium and changing the phase of the recording layer ma- 
terial, 

[0003] As disclosed in Japanese Laid-Open Patent 
Application No.63-29336, an optical recording method 
that records information onto a recording layer of an op- 
tical recording medium by emitting light to the recording 
layer of the medium is known. In the optical recording 
method of the above document, a light source driving 
waveform is applied to a light source to control emission 
of a light beam to the recording layer of the medium 
based on a write data modulation method. Moreover, 
there is known an optical recording method that deter- 
mines an optimum light source driving waveform (in- 
cluding the write power and the write pulse width), which 
is applied to the light source, based on a readout signal 
of the recorded information derived from a reflection 
light beam from the optical disk. 
[0004] Further, several optical recording methods 
have been proposed for improvement of the quality of 
the write signal recorded on a rewritable phase-change 
storage medium. For example, Japanese Laid-Open 
Patent Application No.63-266632 discloses such im- 
provement method. In the conventional method of the 
above document, a pulse width modulation (PWM) 
method is utilized for application of a mufti-pulse light 
source driving waveform to the light source to control 
emission of a light beam from the light source to a re- 
writable phase-change optical disk having a recording 
layer with a large crystallization speed. The convention- 
al method provides the driving waveform that is effective 
in recording a long amorphous mark on the recording 
layer of the optical disk. 

[0005] In addition, Japanese Laid-Open Patent Appli- 
cation No.63-266633 and United States Patent No. 
5150352 disclose an optical recording method which 
eliminates positional variations of a mark edge and im- 
proves the jitter characteristics of an optical disk by ap- 



plying a driving waveform including a front-end portion 
or a tail-end portion having an increased pulse width or 
with an increased power level to the light source. 
[0006] Further, the rewritable compact disk standards 

s (the orange book, part III, ver. 2.0) provide the recom- 
mended specifications of 1 Xto 4X linear velocity record- 
ing of the rewritable recording media. The linear veloc- 
ities 1X to 4X according to the standards (the orange 
book, part III, ver. 2.0) range from 1.2 m/s to 5.6 m/s. 

10 The recording speeds of the media in this range require 
a relatively long time to record information onto the me- 
dia. There is an increasing demand for a reliable CD- 
RW drive that is able to carry out error-free information 
recording with good write-erase characteristics at higher 

is recording speeds. Preparations of high-speed specifi- 
cations of 4X to 1 0X linear velocity recording for the re- 
writable compact disk standards are now under way. 
The linear velocities 4X to 1 0X according to the stand- 
ards (the orange book, part III) range from 5 m/s to 28 

20 m/s. 

[0007] Accordingly, it is desirable to provide an optical 
recording method and apparatus that ensures good 
write/erase characteristics of the rewritable phase- 
change medium and retains the compatibility with the 
25 write-once storage medium when high-speed recording 
(equivalent to the 4X to 1 0X linear velocity recording) is 
performed. The conventional recording methods and 
devices of the above documents are not yet adequate 
to attain the goal. 

30 

SUMMARY OF THE INVENTION 

[0008] It is a general object of the present invention 
. to provide an optical recording method and apparatus 

35 in which the aforementioned problems are eliminated. 
[0009] Another object of the present invention is to 
provide an optical recording method and apparatus that 
ensures good write/erase characteristics of the rewrita- 
ble phase-change medium and retains the compatibility 

4o with the write-once storage medium when high-speed 
recording is performed. 

[0010] Another object of the present invention is to 
provide an optical recording method and apparatus that 
provides increases of initial characteristics and over- 
45 write performance of the rewritable phase-change me- 
dium. 

[0011] Another object of the present invention is to 
provide an optical storage medium that stores informa- 
tion recorded by using the optical recording method and 

50 apparatus such that good write/erase characteristics of 
the rewritable phase-change medium are ensured and 
the compatibility with the write-once storage medium is 
retained when high-speed recording is performed. 
[0012] The above-mentioned objects of the present 

55 invention are achieved by an optical recording method 
which records a sequence of data blocks onto a record- 
ing layer of an optical recording medium by emitting light 
to the recording layer of the medium and changing a 
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phase of a recording material of the recording layer, the 
method comprising the steps of: applying a light source 
driving power to a light source to control emission of a 
light beam to the recording layer of the medium, the driv- 
ing power including a sequence of mark and space por- 
tions, each mark potion having a pulse width that corre- 
sponds to a multiple of a period T of a write clock based 
on a write data modulation method; setting a multi-pulse 
waveform of each mark portion of the driving power that 
includes a front-end portion, a multi-pulse portion and a 
tail-end portion, the front-end portion having a first pulse 
width t1 with a high-power write level Pw and starting 
from a middle-power erase level Pe, the multi-pulse por- 
tion including a sequence of write pulses each having a 
second pulse width t2 with the write level Pw and a third 
pulse width t3 with a low-power base level Pb, the multi- 
pulse portion having a given duty ratio z = t2/(t2 + t3), 
and the tail-end portion having a fourth pulse width t4 
with the base level Pb and ending at the erase level Pe; 
setting a linear velocity of rotation of the medium at a 
controlled speed; and controlling the waveform when 
the linear velocity of rotation of the medium is set in a 
high-speed range from 5 m/s to 28 m/s, such that the 
first pulse width t1 of the front-end portion ranges 0.1T 
to 1T and the fourth pulse width t4 of the tail-end portion 
ranges 0.2Tto 1.3T. 

[0013] The above-mentioned objects of the present 
invention are achieved by an optical recording appara- 
tus which records a sequence of data blocks onto a re- 
cording layer of an optical recording medium by emitting 
light to the recording layer of the medium and changing 
a phase of a recording material of the recording layer, 
the apparatus comprising: a light source driver unit 
which applies a light source driving power to a light 
source to control emission of a light beam to the record- 
ing layer of the medium, the driving power including a 
sequence of mark and space portions, each mark potion 
having a pulse width that corresponds to a multiple of a 
period T of a write clock based on a write data modula- 
tion method; a write power determination unit which sets 
a multi-pulse waveform of each mark portion of the driv- 
ing power that includes a front-end portion, a multi-pulse 
portion and a tail-end portion, the front-end portion hav- 
ing a first pulse width t1 with a high-power write level 
Pw and starting from a middle-power erase level Pe, the 
multi-pulse portion including a sequence of write pulses 
each having a second pulse width t2 with the write level 
Pw and a third pulse width t3 with a low-power base level 
Pb, the mufti-pulse portion having a given duty ratio z = 
t2/(t2 + t3), and the tail-end portion having a fourth pulse 
width t4 with the base level Pb and ending at the erase 
level Pe; and a controller which sets a linear velocity of 
rotation of the medium at a controlled speed, wherein 
the controller causes the write power determination unit 
to control the waveform when the linear velocity of rota- 
tion of the medium is set in a high-speed range from 5 
m/s to 28 m/s, such that the first pulse width t1 of the 
front-end portion ranges O.ITto 1T and the fourth pulse 



width t4 of the tail-end portion ranges 0.2T to 1 .3T. 
[0014] The above-mentioned objects of the present 
invention are achieved by an optical storage medium 
which stores information recorded by using an optical 
5 recording method that records a sequence of data 
blocks onto a recording layer of an optical recording me- 
dium by emitting light to the recording layer of the me- 
dium and changing a phase of a recording material of 
the recording layer, the optical recording method com- 
io prising the steps of: applying a light source driving power 
to a light source to control emission of a light beam to 
the recording layer of the medium, the driving power in- 
cluding a sequence of mark and space portions, each 
mark potion having a pulse width that corresponds to a 
15 multiple of a period T of a write clock based on a write 
data modulation method; setting a multi-pulse waveform 
of each mark portion of the waveform that includes a 
front-end portion, a multi-pulse portion and a tail-end 
portion, the front-end portion having a first pulse width 
t1 with a high-power write level Pw and starting from a 
middle-power erase level Pe, the multi-pulse portion in- 
cluding a sequence of write pulses each having a sec- 
ond pulse width t2 with the write level Pw and a third 
pulse width t3 with a low-power base level Pb, the multi- 
pulse portion having a given duty ratio z = t2/(t2 + 13), 
and the tail-end portion having a fourth pulse width t4 
with the base level Pb and ending at the erase level Pe; 
setting a linear velocity of rotation of the medium at a 
controlled speed; and controlling the waveform when 
the linear velocity of rotation of the medium is set in a 
high-speed range from 5 m/s to 28 m/s, such that the 
first pulse width t1 of the front-end portion ranges 0.1T 
to 1 T and the fourth pulse width t4 of the tail-end portion 
ranges 0.2T to 1 .3T, the optical storage medium com- 
prising the sequence of data blocks recorded on the re- 
cording layer, each data block including first information 
indicative of the first pulse width t1 of the front-end por- 
tion and second information indicative of the fourth pulse 
width t4 of the tail-end portion in the light source driving 
waveform. 

[001 5] In the optical recording method and apparatus 
of the present invention, the driving power is applied to 
the light source to control emission of a light beam to 
the recording layer of the optical storage medium, the 
driving power including a sequence of mark and space 
portions, each mark potion having a pulse width that cor- 
responds to a multiple of the period T of the write clock. 
The waveform of each mark portion of the driving power 
includes the front-end portion, the multi-pulse portion 
and the tail-end portion, the front-end portion having the 
first pulse width t1 with the write level Pw and starting 
from the erase level Pe, the multi-pulse portion including 
the write pulses each having the second pulse width t2 
with the write level Pw and the third pulse width t3 with 
the base level Pb, the multi-pulse portion having the duty 
ratio z = t2/(t2 + 13), and the tail-end portion having the 
fourth pulse width t4 with the base level Pb and ending 
at the erase level Pe. The waveform is controlled, when 
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the linear velocity of rotation of the medium is set in a 
range from 5 m/s to 28 m/s, such that the first pulse width 
t1 ranges 0.1T to 1 T and the fourth pulse width t4 ranges 
0.2Tto 1 .3T. As the front-end edge and the tall-end edge 
of each mark (the amorphous phase) are accurately and 
definitely created on the recording layer of the rewritable 
phase-change medium when high-speed recording is 
performed, the optical recording method and apparatus 
of the present invention can ensure good write/erase 
characteristics of the rewritable phase-change medium 
and retain the compatibility with the write-once storage 
medium when high-speed recording is performed. The 
optical recording method and apparatus of the present 
invention are effective in increasing the initial character- 
istics and the overwrite performance of the rewritable 
phase-change medium. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0016] Other objects, features and advantages of the 
present invention will become apparent from the follow- 
ing detailed description when read in conjunction with 
the accompanying drawings. 

[001 7] FIG. 1 is a cross-sectional diagram of one pre- 
ferred embodiment of the optical storage medium of the 
invention. 

[0018] FIG. 2 is a diagram for explaining a character- 
istic of storage medium's reflectivity with respect to rel- 
ative velocity and a characteristic of the differential co- 
efficient of the reflectivity with respect to relative velocity. 
[0019] FIG. 3 is a block diagram of one preferred em- 
bodiment of the optical recording apparatus of the in- 
vention. 

[0020] FIG. 4A and FIG. 4B are waveform diagrams 
for explaining a multi-pulse laser driving waveform used 
by the optical recording apparatus of FIG. 3. 
[0021] FIG. 5 is a diagram for explaining the depend- 
ence of the write signal asymmetry on the front-end 
pulse width and the tail-end pulse width of the multi- 
pulse waveform. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

[0022] A description will now be provided of preferred 
embodiments of the present invention with reference to 
the accompanying drawings. 

[0023] FIG. 1 is a cross-sectional diagram of one pre- 
ferred embodiment of the optical storage medium of the 
invention. 

[0024] The optical storage medium of the present em- 
bodiment is a rewritable phase-change medium (CD- 
RW) in which a recording layer of a phase-change ma- 
terial is formed on a substrate. As shown in FIG. 1 , in 
the storage medium 1 of this embodiment, a substrate 
2, a lower protective layer 3, a recording layer 4, an up- 
per protective layer 5, and a reflectlon/heat-radiation 
layer 6 are provided. The lower protective layer 3, the 



recording layer 4, the upper protective layer 5 and the 
reflection/heat-radiation layer 6 are deposited, in this or- 
der, on the front surface of the substrate 2. Further, an 
overcoat layer 7 may be provided on the reflection/ 
5 heat- radiation layer 6, and a hard-coat layer 8 may be 
provided on the back surface of the substrate 2. 
[0025] In the medium 1 of the present embodiment, 
the substrate 2 is provided in order to support the re- 
cording layer 4. When a read/write laser beam emitted 
by a laser light source is incident to the substrate 2 of 
the storage medium 1 , the substrate 2 must be trans- 
parent to the incident laser beam having a wavelength 
of the read/write laser beam used. A suitable transpar- 
ent material of the substrate 2 is selected from among 
glass materials, ceramics materials and resin materials. 
Resin materials are more suitable for the substrate 2 be- 
cause of the transparency and the ease of molding. 
[0026] A suitable resin material of the substrate 2 may 
be selected from one of resin materials including poly- 
carbonate resins, acrylic resins, epoxy resins, polysty- 
rene resins, styrene-acrylonitrile copolymer resins, pol- 
yethylene resins, polypropylene resins, silicon-based 
resins, fluorine-based resins, acrylonitrile-butadiene- 
styrene (ABS) resins and urethane resins. In particular, 
polycarbonate resins or acrylic resins are selected as a 
more suitable material of the substrate 2, because of the 
ease of molding, the required optical characteristics and 
the cost effectiveness. A set of guide grooves may be 
provided on the transparent substrate 2. 
[0027] In the storage medium 1 of the present embod- 
iment, the lower and upper protective layers 3 and 5 are 
made of a dielectric material because of the required 
thermal and optical characteristics. A suitable material 
of the protective layers 3 and 5 may be selected from a 
single-component or mixture dielectric materials includ- 
ing oxides of Si0 2 , SiO, ZnO, Sn0 2 , Ti0 2 , In0 2 , Mg, 
Zr0 2 , etc., nitrides of Si 3 N 4 , AIN, TIN, BN, ZrN, etc., sul- 
phides of ZnS, ln 2 S 3 , TaS 4 , etc., carbides of SiC, TaC, 
B4C, WC, TiC, ZrC, etc., and diamond-state carbon. 
The lower and upper protective layers 3 and 5 are de- 
posited by using physical vapor deposition, sputtering, 
ionplating, or chemical vapor deposition. Because of the 
productivity and the cost, sputtering is selected as the 
more suitable one for the formation of the lower and up- 
per protective layers 3 and 5. An optimum thickness of 
the protective layers 3 and 5 may be determined in view 
of the required thermal and optical characteristics. Typ- 
ically, the thickness of the protective layers 3 and 5 rang- 
es from 10 nm to 5000 nm. 

[0028] In the storage medium 1 of the present embod- 
iment, the recording layer 4 is made of a phase-change 
material. A suitable phase-change material of the re- 
cording layer 4 may be selected from alloy-based 
phase-change materials including GeTe, GeTeSe, 
GeTeS, GeSeSb, GeAsSe, InTe, SeTe, SeAs, Ge-Te- 
(Sn, Au, Pd), GeTeSeSb, GeTeSb, AglnSbTe, etc. The 
composition of elemental substances in each phase- 
change material may be optimized in accordance with 
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a linear velocity of rotation of the medium. A small 
amount of impurities, selected from substances includ- 
ing B, N, C, O, Si, P, S, Ge, Se, Al, Ti, Zr, V, Mn, Fe, Co, 
Ni, Cr, Cu, Zn, Sn, Pd, Pt, Au, etc., may be mixed with 
the phase-change material of the recording layer 4. 5 
[0029] Specifically, the selection of AglnSbTe as the 
phase-change material of the recording layer 4 is more 
suitable because it provides definite boundaries be- 
tween crystalline areas and non-crystalline (or amor- 
phous) areas, which surts to a mark-edge recording io 
technique (which will be described later) that is used by 
the optical recording method and apparatus of the 
present invention. A small amount of impurities (for ex- 
ample, N) may be added to the phase-change material, 
which allows a margin of the linear velocity of the medi- is 
um rotation to be increased. 

[0030] I n the storage medium 1 of the present embod- 
iment, the composition of the phase-change material 
(AglnSbTe) of the recording layer 4 is represented by 
the formula Ag a lnpSb y Te 5 

0. 1 s a ^ 3. 0 



5. 0 ^ P ^ 12. 0 



60. 0 ^ y ^ 72. 0 

22. 0 ^ 8 s 30. 0. 

A desired thickness of the phase-change material of the 
recording layer 4 ranges from 1 3 nm to 17 nm. With the 
above composition and the above thickness of the 
phase-change material of the recording layer 4, the 
present embodiment can ensure good write/erase char- 
acteristics of the rewritable phase-change medium and 
retain the compatibility with the write-once storage me- 
dium even when high-speed recording is performed. 
[0031 ] I n the storage medium 1 of the present embod- 
iment, the recording layer 4 is deposited on the sub- 
strate 2 by using physical vapor deposition, sputtering, 
ionplating, or chemical vapor deposition. Because of the 
productivity and the cost, sputtering is selected as the 
more suitable one for the formation of the recording lay- 
er 4. 

[0032] Further, in the storage medium 1 of the present 
embodiment, the reflection/heat radiation layer 6 serves 
to reflect the read/write light beam and dissipate heat 
produced during recording. A suitable material of the re- 
flection/heat radiation layer 6 may be selected from sin- 
gle-component metals including Ag, Au, Al, or mixture 
alloys including Tl, Si, Cr, Ta, Cu, Pd, C, etc. Preferably, 
the reflection/heat radiation layer 6 is made of an alumi- 
num-based alloy because of the required thermal and 
optical characteristics and the productivity. A desired 



composition of the materia! of the reflection/heat radia- 
tion layer 6 and a desired thickness of the reflection/heat 
radiation layer 6 may be determined in view of the re- 
quired thermal and optical characteristics. 
[0033] In the storage medium 1 of the present embod- 
iment, the over-coat layer 7 is made of a resin material 
containing, as the major component, an optical curing 
resin or an electron beam curing resin. Because of the 
ease of curing and the ease of film formation, a resin 
material containing, as the major component, a UV (ul- 
traviolet ray) curing resin is more suitable for the mate- 
rial of the over-coat layer 7. The film formation of the 
over-coat layer 7 is performed by using a dipping meth- 
od or a spin-coat method. 

[0034] In order to conform to the high-speed specifi- 
cations of 4X to 1 0X linear velocity recording for the ex- 
pected rewritable compact disk standards, it is neces- 
sary that the optical storage medium 1 of the present 
embodiment be configured to meet the conditions relat- 
ed to the phase-change critical linear velocity (which will 
be called the velocity M vo"). 

[0035] Suppose that a measuring device (or a pickup) 
for measuring the phase-change critical linear velocity 
(the velocity "vo") of the medium meets the following 
conditions: the wavelength of a read/write laser beam 
emitted by the laser light source is 789 nm; and the nu- 
merical aperture (NA) of the objective lens is 0.49. Fur- 
ther, suppose that V indicates a relative velocity of the 
medium to the optical recording apparatus during the 
recording, "vwh" indicates the highest relative velocity 
of the medium during the recording, and "vwP indicates 
the lowest relative velocity of the medium during the re- 
cording. 

[0036] A measurement power "P E M of the measuring 
device (or the pickup) used when measuring the velocity 
"vo" of the medium is defined by the formula: P E = 0.75 
P OH where "P 0 h m indicates an optimum recording power 
when the linear velocity V of the medium 1 is set at the 
highest linear velocity "vwh H . 

[0037] The measurement of the velocity "vo M is per- 
formed when the medium 1 is moved to the pickup at 
the relative velocity V and the pickup emits a write laser 
beam to the medium from the laser light source at the 
measurement power "Pg". At this time, a pulsed light 
source emission waveform, which is ordinarily used for 
the recording of conventional phase-change media, is 
not used for the emission of the laser beam. A direct- 
current (DC) driving waveform is used for the emission 
of the write laser beam, and a reflectivity of the recorded 
portion of the medium is detected based on a reflection 
beam from the medium by a reproducing part of the op- 
tical recording apparatus. The reflectivity obtained at 
this time is indicated by a variable R(v) with respect to 
the relative velocity V\ Suppose that the wavelength of 
the read laser beam is set at 789 nm. 
[0038] FIG . 2 shows a characteristic of the reflectivity 
W R M of the medium 1 of the present embodiment with re- 
spect to the relative velocity V and a characteristic of 
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the differential coefficient *- dR/dv" of the reflectivity with 
respect to relative velocity V. 

[0039] As shown in FIG. 2, as the relative velocity V 
increases, the reflectivity "FT decreases from an initial 
saturation point °R A ". When a certain point of the relative 
velocity "v" is reached, the decrease of the reflectivity 
"R" is stopped at a secondary saturation point "R B ". 
Conversely, as the relative velocity "v" decreases, the 
reflectivity "FT increases from the secondary saturation 
point R B , and when a certain point of the relative velocity 
M v" is reached, the increase of the reflectivity "R" is 
stopped at the initial saturation point R A . 
[0040] As is apparent from FIG. 2, the phase-change 
critical relative velocity "vo" of the medium is defined by 
a value of the relative velocity V when the differential 
coefficient "-dR/dv" of the reflectivity is the maximum " 
(-dR/dv)max n (the peak point). A margin " Avo M of the 
velocity "vo" is defined by an effective range of the linear 
velocity V when the differential coefficient w -dR/dv" of 
the reflectivity decays to half the maximum "(-dR/dv) 
max". 

[0041 ] In the storage medium 1 of the present embod- 
iment, the phase-change material of the recording layer 
is selected such that it satisfies the following conditions: 

vo ^ O. 7vwh 

where "vo" is the phase-change critical linear ve- 
locity, and M vwh" is the highest linear velocity. 
[0042] It has been confirmed from experiments that, 
when the optical storage medium 1 of the present em- 
bodiment is configured to meet the above conditions (in 
other words, the velocity "vo" of the medium 1 is set to 
satisfy the above conditions), the medium 1 provides 
good write/erase characteristics as well as improved 
overwrite performances when the recording is per- 
formed at the highest linear velocity n vwh\ 
[0043] On the other hand, when the medium 1 does 
not meet the above conditions, it provides poor write/ 
erase characteristics as well as undesired overwrite per- 
formances when the recording is performed at the high- 
est linear velocity "vwh\ The primary reason is that it is 
difficult that such medium 1 returns the state of a mark 
on the medium with the reflectivity being at the second- 
ary saturation point R B back to the state of a space on 
the medium with the reflectivity being at the initial satu- 
ration point R A 

[0044] Further, in the storage medium 1 of the present 
embodiment, it is preferred that the phase-change ma- 
terial of the recording layer is selected such that it sat- 
isfies the following conditions: 

vo ^ 3. Ovwl 

where "vo" is the phase-change critical linear ve- 
locity, and M vwl H is the lowest linear velocity. 



[0045] It has been confirmed from experiments that, 
when the optical storage medium 1 of the present em- 
bodiment is configured to meet the above conditions (in 
other words, the velocity "vo" of the medium 1 is set to 

5 satisfy the above conditions), the medium 1 provides 
good mark-formation characteristics as well as im- 
proved overwrite performances when the recording is 
performed at the lowest linear velocity "vwP. 
[0046] The margin "Avo" of the medium 1 indicates 

10 the tendency of deterioration of the recording signal at 
the highest linear velocity "vwh". In the storage medium 
1 of the present embodiment, it is preferred that the 
phase-change material of the recording layer is selected 
such that it satisfies the following conditions: 

15 

Avo/vo < O. 4 

where "vo" is the phase-change critical linear ve- 
20 locity, and "Avo" is the margin of the velocity "vo". 

[0047] It has been confirmed from experiments that, 
when the optical storage medium 1 of the present em- 
bodiment is configured to meet the above conditions (in 
other words, the velocity "vo" of the medium 1 is set to 
25 satisfy the above conditions), the medium 1 provides im- 
proved stability of write/erase characteristics when the 
recording is performed at the highest linear velocity 
"vwh". 

[0048] Further, in the storage medium 1 of the present 
30 embodiment, it is preferred that the phase-change ma- 
terial of the recording layer is selected such that it sat- 
isfies the following conditions: 

35 °- 1 < R a' r b < 0. 6 

where "R A M is the initial saturation point of the me- 
dium, and "R B " is the secondary saturation point of the 
medium. 

40 [0049] It has been confirmed from experiments that, 
when the optical storage medium 1 of the present em- 
bodiment is configured to meet the above conditions, 
the medium 1 provides a good mark/space contrast 
when the recording is performed. 

45 [0050] Further, in the storage medium 1 of the present 
embodiment, it is preferred that the phase-change ma- 
terial of the recording layer is selected such that it sat- 
isfies the following conditions: 

50 

vwh/vwl ^ 2. 5 

where *Vwh M is the highest linear velocity of the 
medium during the recording, and "vwl" is the lowest lin- 
55 ear velocity of the medium during the recording. 

[0051] It has been confirmed from experiments that, 
when the optical storage medium 1 of the present em- 
bodiment is configured to meet the above conditions, it 
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makes it possible to perform the constant angular ve- 
locity (CAV) recording of a 1 20-mm diameter optical disk 
(currently the dominating one) in the recording linear ve- 
locities corresponding to the disk recording areas rang- 
ing from 46.5 mm diameter to 11 6 mm diameter. s 
[0052] FIG. 3 shows one preferred embodiment of the 
optical recording apparatus of the invention. The optical 
recording apparatus of the present embodiment is con- 
figured to conform to the high-speed specifications of 
4X to 1 0X linear velocity recording for the expected re- to 
writable compact disk standards. 
[0053] As shown in FIG . 3, in the optical recording ap- 
paratus of the present embodiment, the optical storage 
medium 1 is held on and rotated by a spindle motor 11 . 
A controller (CTRL)16 controls the spindle motor 11 so ts 
that the linear velocity of rotation of the medium 1 is set 
at a controlled speed. A pickup 12 having a laser light 
source (for example, a laser diode) and optical systems 
(for example, a focusing lens and an objective lens) is 
provided to focus a laser beam, emitted by the light 20 
source, onto the recording layer of the medium 1 and 
change the phase of the recording material of the layer. 
The pickup 12 includes a photodetector which detects 
a reflection laser beam reflected from the recording lay- 
er of the medium 1 and outputs a readout signal based 
on the reflection laser beam. 

[0054] In the optical recording apparatus of FIG. 3, a 
laser diode driver (LDD) 13 is provided to apply a laser 
driving power to the light source of the pickup 12 to con- 
trol the emission of a laser beam to the recording layer 
of the medium 1 . When recording of the medium 1 is 
performed, the LDD 13 applies the driving power to the 
light source of the pickup 12, and the light source emits 
the laser beam to the recording layer of the medium 1 
to change the phase of the recording material of the lay- 
er. When reproducing of the medium 1 is performed, the 
photodetector of the pickup 1 2 detects the reflection la- 
ser beam reflected from the recording layer of the me- 
dium 1 and outputs the readout signal based on the re- 
flection laser beam. In the optical recording apparatus 
of the present embodiment, the readout signal output by 
the photodetector of the pickup 1 2 is used to carry out 
the reproducing of the recorded information, the tracking 
servo control and the focusing servo control. 
[0055] In the optical recording apparatus of FIG. 3, 
during the recording of the medium 1 , the readout signal 
output by the pickup 1 2 is supplied to a write power mon- 
itoring unit (WPMU) 14. The write power monitoring unit 
1 4 monitors the readout signal received from the pickup 
1 2. A write power calculating unit (WPCU) 1 5 is provided 
to calculate the power (or the amplitude) of the readout 
signal and outputs the calculation result (the calculated 
power) to the controller 1 6. The controller 1 6 has a CPU 
(central processing unit), which controls the elements of 
the optical recording apparatus of the present embodi- 
ment. As described above, the controller 1 6 controls the 
rotating speed of the spindle motor 12 so that the linear 
velocity of rotation of the medium 1 is set at a controlled 



speed. 

[0056] In the optical recording apparatus of FIG. 3, a 
write power determination unit (WPDU) 1 7 is provided 
to set a multi-pulse waveform of the laser driving power 
that is applied to the pickup 1 2. The controller 1 6 outputs 
a control signal to the WPDU 1 7 based on the feedback 
result (or the calculated power) from the MPCU 15, so 
that the WPDU 1 7 outputs a selected one of a test writ- 
ing power (TWP) set signal and an optimum writing pow- 
er (OWP) set signal to the LDD 13. 
[0057] In the optical recording apparatus of the 
present embodiment, the pickup 12, the LDD 13, the 
WPDU 17 and the controller 1 6 form an optical informa- 
tion recording means 1 8. The optical information record- 
ing means 1 8 carries out a mark-edge recording proc- 
ess for the storage medium 1 wherein a sequence of 
data blocks (also called the write information), which 
corresponds to a sequence of mark and space portions 
of the driving power, are recorded onto the recording lay- 
er of the medium 1 , each of the mark portions having a 
pulse width corresponding to a multiple of a period (T) 
of a write clock based on a PWM (pulse width modula- 
tion) method. In a case of the rewritable phase-change 
medium (CD-RW), the optical information recording 
means 1 8 converts each data block in the write informa- 
tion into a power level and a pulse width in the driving 
waveform by using an EFM (eight to fourteen modula- 
tion) process or another improved modulation technique 
based on the period T of the write clock. 
[0058] In the optical recording apparatus of the 
present embodiment, the WPDU 17 sets a multi-pulse 
laser waveform of the driving power in order to control 
the emission of a laser beam by the laser light source 
of the pickup 1 2 to the recording layer of the medium 1 
(CD-RW). FIG. 4A and FIG. 4B are waveform diagrams 
for explaining the multi-pulse laser driving waveform 
used by the optical recording apparatus of FIG. 3. 
[0059] FIG . 4A shows the waveform of a 5T input sig- 
nal where T indicates the period of the write clock in 
the optical recording apparatus of FIG. 3. The "5T" input 
signal means that this pulsed signal has a pulse width 
that is 5 times the period T of the write clock. In the ex- 
ample of FIG. 4A f the high-level signal portion repre- 
sents "1" of the write information and corresponds a 
mark on the recording layer of the medium 1 , and the 
low-level signal portions represent "0" of the write infor- 
mation and correspond to spaces on the recording layer 
of the medium 1 . 

[0060] FIG. 4B shows an example of the multi-pulse 
laser driving waveform that is set by the WPDU 17 of 
the present embodiment in response to the input signal 
of FIG. 4A. 

[0061] As shown in FIG. 4A and FIG. 4B, the multi- 
pulse waveform, supplied from the WPDU 1 7 to the LDD 
13, includes a front-end portion M fp", a multi-pulse por- 
tion "mp" and a tail-end portion "op". The front-end por- 
tion "fp" has a first pulse width M t1" with a high-power 
write level M Pw u and starts from a middle-power erase 
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level "Pe". The multi-pulse portion n mp B Includes a se- 
quence of write pulses each having a second pulse 
width 12" with the write level Pw and a third pulse width 
"t3° with a low-power base level "Pb". Suppose that the 
conditions: Pb < Pe < Pw are met. The multi-pulse por- 
tion "mp" has a given duty ratio z = t2/(t2 + t3). The tail- 
end portion "op" has a fourth pulse width 14" with the 
base level Pb and ends at the erase level Pe. 
[0062] Generally, when one of the mark portions of the 
driving power is supplied to the light source of the pickup 
12, a non-crystalline area (the amorphous phase) that 
represents "I" of the write information is formed as a 
mark on the recording layer of the medium 1 by the emis- 
sion of a laser beam from the light source to the medium 
1 . The formation of the amorphous phase of the record- 
ing material on the recording layer of the medium 1 re- 
quires heating of the recording layer to an increased 
temperature above the melting point of the recording 
material and cooling of the recording layer for an ade- 
quate time after the heating. 

[0063] In the waveform of FIG. 4B, the front-end por- 
tion "fp M , which has the first pulse width t1 with the high- 
power write level Pw, provides the recording layer of the 
medium 1 with the energy needed to heat it to the in- 
creased temperature above the melting point. The multi- 
pulse portion "mp", which includes the sequence of write 
pulses each having the second pulse width t2 with the 
write level Pw and the third pulse width t3 with the base 
level Pb, provides the recording layer with the energy 
needed to form the mark thereon. Hence, if the first 
pulse width t1 is set at an optimum value and the wave- 
form of the present embodiment Is applied, a front-end 
edge of the mark can be accurately and definitely 
formed on the recording layer of the medium 1 . 
[0064] Further, in the waveform of FIG. 4B, the tail- 
end portion "op" , which has the fourth pulse width t4 with 
the low-power base level Pb, serves to cool the record- 
ing layer of the medium 1 for an adequate time after the 
heating. Hence, if the fourth pulse width t4 is set at an 
optimum value and the waveform of the present embod- 
iment is applied, a tail-end edge of the mark can be ac- 
curately and definitely formed on the recording layer of 
the medium 1 . 

[0065] It is necessary to take into consideration the 
above points, in order to provide good write/erase char- 
acteristics of the rewritable phase-change media when 
high-speed recording (equivalent to the 4X to 1 0X linear 
velocity recording) is performed. To attain the objective 
of the present invention, the optical recording apparatus 
of the present embodiment is configured such that the 
controller 1 6 causes the write power determination unit 
(WPDU) 1 7 to control the multi-pulse waveform of FIG. 
4B when the linear velocity of rotation of the medium t 
is set in a high-speed range from 5 m/s to 28 rh/s, such 
that the first pulse width "t1 " of the front-end portion "fp" 
ranges 0.1T to 1T and the fourth pulse width "t4" of the 
tail-end portion "op" ranges 0.2T to 1 .3T. Optimum val- 
ues of the first pulse width t1 and the fourth pulse width 
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t4 vary depending on the recording material of the re- 
cording layer of the medium 1 . 

[0066] Experiments have been performed to ascer- 
tain the advantages of the optical recording apparatus 
5 of the present embodiment that is configured as de- 
scribed above. FIG. 5 shows the dependence of the 
write signal asymmetry on the front-end pulse width "t1 " 
and the tail-end pulse width 14" of the multi-pulse wave- 
form. 

10 [0067] In the present embodiment, the controller 1 6 
causes the WPDU 1 7 to control the waveform when the 
linear velocity of rotation of the medium 1 is set in a high- 
speed range from 5 m/s to 28 m/s r such that the first 
pulse width t1 of the front-end portion ranges 0.1T to 1T 

is and the fourth pulse width t4 of the tail-end portion rang- 
es 0.2T to 1.3T In order to examine the performances 
of high-speed recording, the experiments are performed 
under the following conditions. 

[0068] A CD-RW disk that is provided in conformity 

20 with the above-described embodiment of the optical 
storage medium of the invention is used for the experi- 
ments, and the CD-RW disk is called the medium 1 . The 
wavelength of a laser beam emitted by the laser light 
source of the pickup 12 in the optical recording appara- 

25 tus is 780 nm. The numerical aperture (NA) of the ob- 
jective lens of the pickup 12 is set at 0.5. A high-speed 
recording of the medium 1 is performed at 9.6 m/s linear 
speed (which is equivalent to 8X linear velocity of the 
rewritable compact disk standards). 

30 [0069] As shown In FIG. 5, when performing the ex- 
periments, the first pulse width "t1 " of the front-end por- 
tion "fp" of the multi-pulse waveform is sequentially 
changed to one among 0.1T, 0.4T, 0.7T and 1 .0T, and, 
at the same time, the fourth pulse width "t4" of the tail- 

35 end portion "op" of the multi-pulse waveform is changed 
to one among 0.2T, 0.5T, 0.8T, LOT and L3T with re- 
spect to each of the respective first pulse width values. 
By performing the experiments, the dependence of the 
write signal asymmetry on the front-end pulse width "t1 " 

40 and the tail-end pulse width M t4" of the multi-pulse wave- 
form is evaluated. FIG. 5 shows such results of the eval- 
uations. Generally, the write signal asymmetry indicates 
the degree of asymmetry of mark length and space 
length, and it is represented by a normalized value ob- 

45 tained by dividing a difference between the average lev- 
el of the radio-frequency (RF) signal amplitude of the 
longest mark and the average level of the RF signal am- 
plitude of the shortest mark by the RF signal amplitude 
of the longest mark. 

50 [0070] The specifications of the rewritable compact 
disk standards provide the requirements: -15 ^ asym- 
metry ^ 5. As is apparent from the characteristics of 
FIG. 5, in order to meet the requirements, it is necessary 
that the front-end pulse width "tr of the multi-pulse 

55 waveform ranges from 0.1T to LOT and the tail-end 
pulse width "t4 D of the multi-pulse waveform ranges from 
0.2TtoL3T 

[0071 ] In another preferred embodiment of the optical 
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recording method and apparatus of the invention, the 
optical storage medium 1 is prepared, in advance, to 
contain a sequence of data blocks recorded on the re- 
cording layer, each data block including first information 
indicative of the first pulse width t1 of the front-end por- 
tion "fp" and second information indicative of the fourth 
pulse width t4 of the tail-end portion "op" in the multi- 
pulse waveform. In the present embodiment, optimum 
values of the first pulse width t1 and the fourth pulse 
width t4 that are suited to a specific phase-change ma- 
terial of each individual medium 1 are predetermined. 
And, wobbling grooves or the like, carrying both the first 
information and the second information are formed on 
the medium 1 . 

[0072] In the optical recording method and apparatus 
of the present embodiment, prior to a start of the record- 
ing of the medium 1 , a test writing process is performed 
in which test data blocks are recorded onto a test-write 
region (for example, a power calibration area PC A) of 
the medium 1 and a readout signal is detected from the 
test-write region of the medium 1 , the readout signal in- 
dicative of the first information and the second informa- 
tion related to the test data blocks. Further, optimum val- 
ues of the first pulse width t1 and the fourth pulse width 
t4 are calculated based on the first information and the 
second information indicated by the readout signal. In 
the present embodiment, the multi-pulse waveform is 
controlled based on the optimum values of the first pulse 
width tl and the fourth pulse width t4. 
[0073] According to the above-described embodi- 
ment, the optimum values of the first pulse width t1 and 
the fourth pulse width t4 in the multi-pulse waveform can 
be suitably determined. As the recording of the medium 
1 can be performed in the optimum conditions, the op- 
tical recording method and apparatus of the present em- 
bodiment are effective in preventing the occurrence of 
a read error after the recording of the medium 1 is per- 
formed, due to deterioration of the write signal quality of 
the medium 1 . 

[0074] Further, for the sake of convenience of the us- 
ers, it is preferred to make commercially available the 
optical storage medium 1 that is formatted, in advance, 
to contain the first information indicative of the first pulse 
width t1 of the front-end portion "fp" and the second in- 
formation indicative of the fourth pulse width t4 of the 
tail-end portion "op" in the multi-pulse waveform. The 
formatted medium 1 of the present embodiment pro- 
vides the users with the ease-to-use feature as well as 
good write/erase characteristics of the rewritable phase- 
change medium when the high-speed recording is per- 
formed. 

[0075] The present invention is not limited to the 
above-described embodiments, and variations and 
modifications may be made without departing from the 
scope of the present invention. 

[0076] Further, the present invention is based on Jap- 
anese priority application No.2000-058399, filed on 
March 3, 2001 , the entire contents of which are hereby 
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Claims 

5 

1. An optical recording method which records a se- 
quence of data blocks onto a recording layer of an 
optical recording medium by emitting light to the re- 
cording layer of the medium and changing a phase 
10 of a recording material of the recording layer, com- 
prising the steps of: 

applying a light source driving power to a light 
source to control emission of a light beam to 

15 the recording layer of the medium, the driving 

power including a sequence of mark and space 
portions, each mark potion having a pulse width 
that corresponds to a multiple of a period T of 
a write clock based on a write data modulation 

20 method; 

setting a multi-pulse waveform of each mark 
portion of the driving power that includes a 
front-end portion, a multi-pulse portion and a 
tail-end portion, the front-end portion having a 

25 first pulse width t1 with a high-power write level 

Pw and starting from a middle-power erase lev- 
el Pe, the multi-pulse portion including a se- 
quence of write pulses each having a second 
pulse width t2 with the write level Pw and a third 

30 pulse width t3 with a low-power base level Pb, 

the multi-pulse portion having a given duty ratio 
z = t2/(t2 + 13), and the tail-end portion having 
a fourth pulse width t4 with the base level Pb 
and ending at the erase level Pe; 

35 setting a linear velocity of rotation of the medi- 

um at a controlled speed; and 
controlling the waveform when the linear veloc- 
ity of rotation of the medium is set in a high- 
speed range from 5 m/s to 28 m/s, such that 

40 the first pulse width t1 of the front-end portion 

ranges 0. 1 T to 1 T and the fourth pulse width t4 
of the tail-end portion ranges 0.2T to 1 .3T 



2. An optica! recording method which records a se- 
quence of data blocks onto a recording layer of a 
rewritable optical recording medium by emitting 
light to the recording layer of the medium and 
changing a phase of a recording material of the re- 
cording layer, comprising the steps of: 

applying a light source driving power to a light 
source to control emission of a light beam to 
the recording layer of the medium, the driving 
power including a sequence of mark and space 
portions, each mark portion having a pulse 
width that corresponds to a multiple of a period 
T of a write clock based on a pulse width mod- 
ulation method; 
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setting a multi-pulse waveform of each mark 
portion of the driving power that includes a 
front-end portion, a multi-pulse portion and a 
tail-end portion, the front-end portion having a 
first pulse width t1 with a high-power write level 5 
Pw and starting from a middle-power erase lev- 
el Pe, the multi-pulse portion including a se- 
quence of write putses each having a second 
pulse width t2 with the write level Pw and a third 
pulse width t3 with a low-power base level Pb, w 
the mufti-pulse portion having a given duty ratio 
z = t2/(t2 + t3), and the tail-end portion having 
a fourth pulse width t4 with the base level Pb 
and ending at the erase level Pe; 
setting a linear velocity of rotation of the medi- is 
um at a controlled speed; and 
controlling the waveform when the linear veloc- 
ity of rotation of the medium is set in a high- 
speed range from 5 m/s to 28 m/s, such that' 
the first pulse width t1 of the front-end portion 20 
ranges 0. 1 T to 1 T and the fourth pulse width t4 
of the tail-end portion ranges 0.2T to 1 .3T. 

3. The optical recording method according to claim t , 
wherein the optical storage medium contains the 25 
sequence of data blocks recorded on the recording 
layer, each data block including first information in- 
dicative of the first pulse width t1 of the front-end 
portion and second information indicative of the 
fourth pulse width t4 of the tail-end portion in the 30 
waveform. 

4. The optical recording method according to claim 3, 
further comprising the steps of: 

35 

performing a test writing process in which test 
data blocks are recorded onto a test-write re- 
gion of the medium and a readout signal is de- 
tected from the test-write region of the medium, 
the readout signal indicative of the first informa- *o 
tion and the second information related to the 
test data blocks; and 

calculating optimum values of the first pulse 
width t1 and the fourth pulse width t4 based on 
the first information and the second information 45 
indicated by the readout signal, wherein, in said 
controlling step, the waveform is controlled 
based on the optimum values of the first pulse 
width t1 and the fourth pulse width t4. 

50 

5. An optical recording apparatus for recording a se- 
quence of data blocks onto a recording layer of an 
optical recording medium by emitting light to the re- 
cording layer of the medium and changing a phase 

of a recording material of the recording layer, com- 55 
prising: 

a light source driver unit applying a light source 



driving power to a light source to control emis- 
sion of a light beam to the recording layer of the 
medium, the driving power including a se- 
quence of mark and space portions, each mark 
potion having a pulse width that corresponds to 
a multiple of a period T of a write clock based 
on a write data modulation method; 
a write power determination unit setting a multi- 
pulse waveform of each mark portion of the 
driving power that includes a front-end portion, 
a multi-pulse portion and a tail-end portion, the 
front-end portion having a first pulse width t1 
with a high-power write level Pw and starting 
from a middle-power erase level Pe, the multi- 
pulse portion including a sequence of write 
pulses each having a second pulse width t2. 
with the write level Pw and a third pulse width 
t3 with a low-power base level Pb, the multi- 
pulse portion having a given duty ratio 2 = t2/ 
(t2 + 13) , and the tail-end portion having a fourth 
pulse width t4 with the base level Pb and ending 
at the erase level Pe; and 
a controller setting a linear velocity of rotation 
of the medium at a controlled speed, 
wherein the controller causes the write power 
determination unit to control the waveform 
when the linear velocity of rotation of the medi- 
um is set in a high-speed range from 5 m/s to 
28 m/s, such that the first pulse width t1 of the 
front-end portion ranges 0.1T to 1T and the 
fourth pulse width t4 of the tail-end portion rang- 
es 0.2T to 1 .3T. 

6. An optical recording apparatus for recording a se- 
quence of data blocks onto a recording layer of a 
rewritable optical recording medium by emitting 
light to the recording layer of the medium and 
changing a phase of a recording material of the re- 
cording layer, comprising: 

a light source driver unit applying a light source 
driving power to a light source to control emis- 
sion of a light beam to the recording layer of the 
medium, the driving power including a se- 
quence of mark and space portions, each mark 
potion having a pulse width that corresponds to 
a multiple of a period T of a write clock based 
on a pulse width modulation method; 
a write power determination unit setting a multi- 
pulse waveform of each mark portion of the 
driving power that includes a front-end portion, 
a multi-pulse portion and a tail-end portion, the 
front-end portion having a first pulse width t1 
with a high-power write level Pw and starting 
from a middle-power erase level Pe, the multi- 
pulse portion including a sequence of write 
pulses each having a second pulse width t2 
with the write level Pw and a third pulse width 
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t3 with a low-power base level Pb, the multi- 
pulse portion having a given duty ratio 2 = t2/ 
(t2 + 13), and the tail-end portion having a fourth 
pulse width t4 with the base level Pb and ending 
at the erase level Pe; and 5 
a controller setting a linear velocity of rotation 
of the medium at a controlled speed, 
wherein the controller causes the write power 
determination unit to control the waveform 
when the linear velocity of rotation of the medi- 10 
um is set in a high-speed range from 5 m/s to 
28 m/s, such that the first pulse width t1 of the 
front-end portion ranges 0.1T to IT and the 
fourth pulse width t4 of the tail-end portion rang- 
es 0.2T to 1 .3T. 15 

7. The optical recording apparatus according to claim 
5, wherein the optical storage medium contains the 
sequence of data blocks recorded on the recording 
layer, each data block including first information In- 20 
dicative of the first pulse width t1 of the front-end 
portion and second information indicative of the 
fourth pulse width t4 of the tail-end portion in the 
waveform. 

25 

8. The optical recording apparatus according to claim 
7, wherein the controller performs a test writing 
process in which test data blocks are recorded onto 
a test- write region of the medium and a readout sig- 
nal is detected from the test-write region of the me- 30 
dium, the readout signal indicative of the first infor- 
mation and the second information related to the 
test data blocks, wherein the controller causes a 
write power calculating unit to calculate optimum 
values of the first pulse width t1 and the fourth pulse 35 
width t4 based on the first information and the sec- 
ond information indicated by the readout signal. 

9. An optical storage medium which stores information 
recorded by using an optical recording method that 40 
records a sequence of data blocks onto a recording 
layer of an optical recording medium by emitting 
light to the recording layer of the medium and 
changing a phase of a recording material of the re- 
cording layer, the optical recording method com- 45 
prising the steps of: 

applying a light source driving power to a light 
source to control emission of a light beam to 
the recording layer of the medium, the driving so 
power including a sequence of mark and space 
portions, each mark potion having a pulse width 
that corresponds to a multiple of a period T of 
a write clock based on a write data modulation 
method; 55 
setting a multi-pulse waveform of each mark 
portion of the driving power that includes a 
front-end portion, a multi-pulse portion and a 



tail-end portion, the front-end portion having a 
first pulse width t1 with a high-power write level 
Pw and starting from a middle-power erase lev- 
el Pe, the multi-pulse portion including a se- 
quence of write pulses each having a second 
pulse width t2 with the write level Pw and a third 
pulse width t3 with a low-power base level Pb, 
the multi -pulse portion having a given duty ratio 
2 = t2/(t2 + t3), and the tail-end portion having 
a fourth pulse width t4 with the base level Pb 
and ending at the erase level Pe; 
setting a linear velocity of rotation of the medi- 
um at a controlled speed; and 
controlling the waveform when the linear veloc- 
ity of rotation of the medium is set in a high- 
speed range from 5 m/s to 28 m/s, such that 
the first pulse width t1 of the front-end portion 
ranges 0.1T to 1 T and the fourth pulse width t4 
of the tail-end portion ranges 0.2T to 1 3T, 
said optical storage medium comprising the se- 
quence of data blocks recorded on the record- 
ing layer, each data block including first infor- 
mation indicative of the first pulse width t1 of 
the front-end portion and second information 
indicative of the fourth pulse width t4 of the tail- 
end portion in the waveform. 

1 0. An optical storage medium wh ich stores information 
recorded by using an optical recording method that 
records a sequence of data blocks onto a recording 
layer of a rewritable optical recording medium by 
emitting light to the recording layer of the medium 
and changing a phase of a recording material of the 
recording layer, the optical recording method com- 
prising the steps of: 

applying a light source driving power to a light 
source to control emission of a light beam to 
the recording layer of the medium, the driving 
power including a sequence of mark and space 
portions, each mark portion having a pulse 
width that corresponds to a multiple of a period 
T of a write clock based on a pulse width mod- 
ulation method; 

setting a multi-pulse waveform of each mark 
portion of the driving power that includes a 
front-end portion, a multi-pulse portion and a 
tail-end portion, the front-end portion having a 
first pulse width t1 with a high-power write level 
Pw and starting from a middle-power erase lev- 
el Pe, the multi-pulse portion including a se- 
quence of write pulses each having a second 
pulse width t2 with the write level Pw and a third 
pulse width t3 with a low-power base level Pb, 
the multi-pulse portion having a given duty ratio 
2 = t2/(t2 + t3), and the tail-end portion having 
a fourth pulse width t4 with the base level Pb 
and ending at the erase level Pe; 
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setting a linear velocity of rotation of the medi- 
um at a controlled speed; and 
controlling the waveform when the linear veloc- 
ity of rotation of the medium is set in a high- 
speed range from 5 m/s to 28 m/s t such that 5 
the first pulse width t1 of the front-end portion 
ranges 0. 1 T to 1 T and the fourth pulse width t4 
of the tail-end portion ranges 0.2T to 1 .3T f 
said optical storage medium comprising the se- 
quence of data blocks recorded on the record- 10 
ing layer, each data block including first infor- 
mation indicative of the first pulse width t1 of 
the front-end portion and second information 
indicative of the fourth pulse width t4 of the tail- 
end portion in the light source driving wave- *5 
form. 
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